1. Introduction {#sec1}
===============

Coronavirus disease 19 (COVID-19) is caused by a novel coronavirus SARS-CoV-2, which initially occurred in Wuhan, China in December 2019 and subsequently spread to approximately 200 countries. The virus primarily affects the respiratory system, although other organ systems may also be involved. The respiratory presentations of COVID-19 are heterogenous ranging from minimal symptoms to significant hypoxia with acute respiratory distress syndrome (ARDS). The fact that a subset of patients manifest minimal symptoms complicates the attenuation of its spread. Current medical management is largely supportive without targeted therapies. This has led many countries to implement social distancing and lockdown. Amidst the pandemic of COVID-19, operating room (OR) management of patients with COVID-19 likely increases. We present a case of a pediatric patient who was diagnosed with COVID-19 soon after open-heart surgery who required an urgent second surgery. The HIPPA authorization has been obtained from his parent.

2. Case report {#sec2}
==============

A 3-year-old male with heterotaxy, double outlet right ventricle with D-malposed great arteries, subpulmonary ventricular septal defect (VSD), type A interrupted aortic arch, hypogammaglobulinemia immunodeficiency treated with intravenous immunoglobulin therapy, and chronic lung disease with previous tracheostomy (now decannulated) presented for biventricular repair in the setting of persistent cyanosis after multiple palliative cardiac interventions. The biventricular repair occurred amidst the early phase of the local COVID-19 pandemic. Our institution had implemented policies regarding safe care of all patients who qualified for urgent or emergent surgery during the imposed restriction of routine services. At the time of this surgery, routine COVID-19 preoperative testing had not been implemented. Potential asymptomatic carrier status of pediatric patients was managed with personal protective equipment (PPE) precautions for healthcare providers and appropriate barriers for intubation ([Fig. 1](#fig1){ref-type="fig"} ) to minimize risk of aerosolization for all procedures. The surgery consisted of an arterial switch, pulmonary artery plasty, VSD closure with baffling of the left ventricle to the aorta, and fenestrated atrial septal defect (ASD) closure. Post-operative imaging was reassuring for adequate repair, but he came off cardiopulmonary bypass in complete heart block requiring pacing for atrioventricular synchrony with temporary pacing wires. He required minimal inotropic support and was extubated to nasal cannula on post-operative day (POD) \#3. Early post-extubation hypoxia and radiographic evidence of atelectasis was managed with BiPAP ([Fig. 2](#fig2){ref-type="fig"} ). On POD \#4, he was febrile to 40.0C and remained BiPAP-dependent. Screening cultures for bacterial infection were sent, along with nasopharyngeal swab for respiratory virus PCR panel including SARS-CoV-2, which resulted positive.Fig. 1Plastic barrier for intubation.Fig. 1Fig. 2Clinical course of the patient and serial chest X-rays. The clinical course of the patient including respiratory status was shown. POD, postoperative day; P/F ratio, PaO~2~/FiO~2~ ratio.Fig. 2

Throughout his intensive care unit (ICU) course, respiratory support was de-escalated from BiPAP to high flow nasal cannula, while chest radiographs and inflammatory markers were followed ([Fig. 2](#fig2){ref-type="fig"}, [Fig. 3](#fig3){ref-type="fig"} ). Complete heart block requiring synchronized ventricular pacing persisted. Permanent pacemaker placement was scheduled on POD \#11. To minimize the spread of viral particles during the transport to the OR, the patient was transitioned to low flow nasal cannula and surgical mask after premedications in ICU. All providers involved in the patient\'s care were in full PPE.Fig. 3Inflammatory marker profiles of the patient. White blood cell (WBC), neutrophil, lymphocyte, platelet counts along with fibrinogen, D-dimer, CRP, ferritin, and procalcitonin levels were plotted throughout his hospital stay.Fig. 3

In the OR, the patient\'s upper body was placed into a department-manufactured aerosol barrier for intubation constructed with several sheets of plastic draping over a Mayo stand, which allowed the intubating practitioner to be the sole provider needed to access the patient. All intubating equipment was placed inside the drapes along with the anesthesia circuit. The patient was preoxygenated and induced intravenously. The patient was masked with a two-hand technique to enable optimal seal and bagged by the assistant. Rapid sequence dose of rocuronium was administered. Once relaxation through neuromuscular blockade was achieved, anesthesia machine flows were turned off, and the patient was intubated using video laryngoscopy. After the endotracheal tube was visualized to pass through the glottis, the intubating provider inflated the cuff and the anesthesia circuit was attached. Endotracheal tube position was confirmed via visualized chest rise along with end-tidal CO~2~ tracing, before the endotracheal tube was briefly clamped and an in-line suction catheter was added. A HEPA filter was attached proximal to the sampling line in the circuit to assure adequate viral filtering. Throughout the case, the patient received inotropic support with dopamine, and remained hemodynamically stable with adequate respiratory gas exchange. The patient was transported back to the ICU intubated. He was extubated on the following day to BiPAP. He was transitioned to high flow nasal cannula for two additional days, then to low flow nasal cannula. The patient was discharged home with no supplemental oxygen requirement on POD \#19.

3. Discussion {#sec3}
=============

Existing literature describes patient screening, triage for surgery and techniques to mitigate dissemination and contamination of the virus \[[@bib1], [@bib2], [@bib3]\]. Our patient presented issues related to preoperative testing and timing of urgent surgery outside of the scope of previous reports.

3.1. Preoperative COVID-19 testing in pediatric patients {#sec3.1}
--------------------------------------------------------

As the percentages of pediatric COVID-19 patients in China, Italy and US were 2%, 1.2% and 1.7%, respectively \[[@bib4]\], SARS-CoV-2 seems less prevalent in children. The case-fatality rate of pediatric population was low (0--0.2%) in both China and Italy, indicating that children generally suffered from less severe disease. Our patient was asymptomatic at the time of initial surgery. Although our center has instituted routine, pre-operative SARS-CoV-2 testing now, this was not established at the time of his biventricular repair. Viral testing was obtained one day after extubation on POD\#4, due to fever and worsening respiratory status. This patient had no documented SARS-CoV-2 exposure. With an incubation period of 2--14 days, it is highly possible that the patient was infected prior to the surgery. Many patients with palliated congenital heart disease have respiratory symptoms at baseline, making it difficult to reliably differentiate COVID-19-related symptoms from cardiac-related symptoms. Routine testing might address this concern.

3.2. Timing of urgent surgery {#sec3.2}
-----------------------------

Post-operative complete heart block without reliable escape junctional or ventricular rhythm meant this patient was completely dependent on temporary pacing. The threshold of temporary pacing leads can increase over time, permanent pacemaker implantation usually occurs within two weeks of initial surgery. Our patient was symptomatic with severe COVID-19 disease \[[@bib5]\]. Elective surgery is usually postponed in the setting of active infection, but the timing of surgery was complicated by the temporary nature of current pacing strategy against evidence of ongoing inflammation with the concern that additional stress may potentially worsen viral illness.

A number of laboratory markers have been associated with severe COVID-19 diseases in adult patients. Lymphocyte count \<1.0 × 10^3^/μL was associated with the development of ARDS and ICU care \[[@bib6],[@bib7]\]. The reduction of blood lymphocytes is likely due to their recruitment of T cells to the lung and lymphocyte apoptosis by inflammatory mediators.

In patients with COVID-19, the general inflammatory maker, C-reactive protein (CRP) \> 1 mg/dL was documented in more severe disease \[[@bib8]\], and CRP\> 5 mg/dL was associated with ARDS development \[[@bib5]\]. Our patient\'s CRP peaked at 7.48 mg/dL on POD\#5.

Ferritin is a shell protein that sequesters iron in its core. Macrophages secrete intracellular ferritin into circulation during inflammation \[[@bib9]\]. Serum ferritin \>300 ng/mL has been associated with ARDS development and death \[[@bib6],[@bib10]\]. Our patient\'s ferritin peaked at 1116 ng/mL on POD\#7. Procalcitonin is a precursor of calcitonin and induced during inflammation by lipopolysaccharide from microbes and mediators such as TNF-α and IL-6 \[[@bib11]\]. Procalcitonin \>0.5 ng/mL was associated with severe COVID-19 disease \[[@bib7],[@bib8]\]. Our patient\'s procalcitonin peaked at 8.45 ng/mL on POD\#5 and decreased to 0.45 ng/mL on POD\#10.

D-dimer, a metabolite of cross-linked fibrin is often a marker of thrombosis but is also induced during inflammation. D-dimer \> 0.5 mg/dL and \>1 mg/dL at admission was associated with more severe disease and death, respectively in COVID-19 positive adults \[[@bib7],[@bib10]\]. Optimal timing of surgical implantation of permanent pacemaker was considered by judging whether the peak of severity had passed. D-dimer was increasing on POD\#10--11, but the other inflammatory markers were improving in keeping with his clinical course, which led us to proceed surgery on POD\#11. The endothelium, which regulates coagulation, expresses ACE2 -- a target protein for SARS-CoV-2. Increased D-dimer was in parallel with an increase in platelet and fibrinogen levels, suggesting that the patient was in a procoagulant state as reported in a subset of COVID-19 patients \[[@bib12]\]. The increase of these markers might represent healing process of the endothelium rather than ongoing damage. This hypothesis needs future investigation.

3.3. Perioperative management of children with COVID-19 {#sec3.3}
-------------------------------------------------------

Details of perioperative PPE for COVID-19 are well described by others \[[@bib1], [@bib2], [@bib3]\]. Briefly, we used our checklist for COVID-19 case. Preoperative discussion by members involved in the case occurred in the days before surgery and reviewed in the immediate pre-intervention period. The surgical case was undertaken in a dedicated COVID-19 operating room under full PPE. Intubation was performed within the plastic barrier ([Fig. 1](#fig1){ref-type="fig"}) to mitigate the degree of dissemination of viral particles during the intubation.

4. Conclusion {#sec4}
=============

We describe the complicated decision-making process of timing of surgical intervention for a child with symptoms consistent with severe COVID-19. Multi-disciplinary input into decision-making of procedure timing, comprehensive utilization of PPE, pre-emptive planning and simulation of the sequence of procedure from in-ICU to induction of anesthesia and intubation-ventilation in the operating room ensured the best procedural outcome for patient while minimizing aerosolization and exposure to treating healthcare workers.
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